Introduction
The amino acid composition of bovine casein has been the subject of several previous investigations (3, 4, 10, 13, 16, 19, 22, 30, 45) . Several workers have analyzed the caseins from milks of other domestic animals such as the buffalo (10, 22) and the goat (10, 19, 22, 27, 30) . Various analytical techniques for the determination of amino acids were employed in these studies, including chemical and microbiological methods (13) , paper chromatography (4, 10, 22) , thin layer chromatography (16) , and ion-exchange chromatography (27, 33, 35, 39) . Data pertaining to the amino acid composition of equine and porcine caseins, unlike bovine casein, are scant or possibly non existent.
Data pertaining to the amino acid composition of casein from milks of species other than domestic species, including Arctic and sub-Arctic mammals, are very scarce. Ashworth et al. (3) analyzed by ion-exchange chromatography (35) , the casein isolated from the milk of the Northern fur seal (Callorhinus ursinus) and found it to be similar in composition to bovine casein, except for its content of the dicarboxylic acids. Luhtala et al. (29) analyzed by ion-exchange chromatography (33), the "protein" of reindeer milk. The authors did not indicate clearly whether the term "protein" referred to casein or to casein plus whey proteins. Table 1 shows the amino acid composition of bovine casein as determined by some earlier workers and Table 2 shows the amino acid composition of casein isolated from milks of species other than Bos taurus.
Several workers (2,7,8,ll, 20,23,24,31,36,37, 40,46) have suggested procedures for the preparation of amino acid derivatives and their separation by gas chromatography. The procedure employed in the present work for amino acid analysis comprised the derivatization method of Roach and Gehrke (36) and a modification of the method of Hagen and Black (15) , in which calibration curves were prepared for each amino acid. The latter workers subjected samples that contained different weights of each amino acid to an esterification and acylation procedure, which gave the N-trifluoroacetyl methyl amino acid esters. The individual mixtures of esters were dissolved in methanol and the volume of the resultant solutions was adjusted to a fixed value. Equal volumes of each solution were injected into the gas chromatograph. The authors found a linear relationship between the amount of amino acid injected and the corresponding peak area (as expressed in disc-integrator units). They postulated that the reason for this linear relationship was either that the conversion of the amino acid to its volatile derivative was complete, or that a constant proportion of each amino acid was converted to its volatile derivative, regardless of the amount of amino acid that was esterified. In the present study, the ratios of the peak areas (AAA) given by a suitable range of amounts of each amino acid, to the peak area (AIS) given by a set amount of internal standard (n-butyl stearate), were plotted against the amounts of that amino acid. Thus, unavoidable losses owing to incomplete transfers of the reaction mixtures during the course of esterification and acylation could be ignored. This procedure also eliminated the necessity of developing factors with regard to the yields of individual derivatives. Before the application of this method to the amino acid analysis of the casein sample, the method was applied to the analysis of several standard proteins. The values that were obtained (25) 
Materials
Milk samples (50-100ml) were obtained from the following domestic, Arctic, and sub-Arctic species: cow (Bos taurus), horse (Equus caballus), pig (Sus scrofa), reindeer (Rangifer tarandus), caribou (Rangifer tarandus), moose (Alces alces), musk-ox (Ovibos moschatus), harp seal (Pagophilus groenlandicus), polar bear (Thalarctos maritimus), dall sheep (Ovis daNi dalli), and fin whale (Balaenoptera physalus). Casein was precipitated from these milks by acid precipitation at pH 4.6 (44) . The details of the procedure, along with the particulars of nitrogen determination, are given in a previous publication (5) .
Methods

Gas Chromatograph
A dual-column F and M model 810 gas chromatograph equipped with dual hydrogen flame ionization detectors The chromatographic conditions that were employed are as follows: column temperature, 67 "C (initial), 210 "C (final); program rate, 4"C/min; detector temperature, 250 "C; injection port temperature, 230 "C; range, 10; attenuation, 2; chart speed, 0.25 in./min; carrier gas (N,) flow rate, 60 ml/min (tank, 60 psig; rotameter, 2); scavenger (air) flow rate, 250 ml/min (tank, 18 psig); hydrogen flow rate, 120 ml/min (tank, 16 psig).
Preparation of Standard Calibration Curves
One millimole of each of the 20 common amino acids was placed in a volumetric flask (1000 ml) along with hydrochloric acid (6 N). The volume of the resultant solution was adjusted to 1000 ml with the same acid. Samples (0.25, 0.50, 0.75, 1.0, 2.0, 3.0, and 4.0 ml) of this solution were placed in seven culture tubes (Pyrex 9826; screw top; Teflon-lined caps) and each of these solutions was evaporated (100 "C; oil bath) with the aid of a stream of dry nitrogen. Traces of water were removed by azeotropic distillation using anhydrous methylene chloride (150 pl). Evaporation (70 "C; oil bath) was facilitated by use of a stream of dry nitrogen. This process was performed three times. The amino acids in the dried mixtures were then converted to their N-trifluoroacetyl-nbutyl amino acid esters by the "direct esterification" method of Roach and Gehrke (36, 40) . The samples were stored at -15 "C until they were analyzed. For gas chromatographic analysis, excess acylating reagent was removed (40 "C) from the same tubes with the aid of a stream of dry nitrogen. Anhydrous methylene chloride (100 MI) was then added to the dry N-trifluoroacetyl-nbutyl esters and aliquots (0.5-1.0 MI) were injected into the gas chromatograph.
The ratios formed by dividing the peak area (AAA) of each amino acid by the peak area (AIS) of the internal standard were calculated. A standard curve using the method of least squares was constructed for each amino acid by plotting the ratio obtained for that amino acid in each of the seven tubes, against the corresponding amount of the amino acid in the same tube. Arginine, histidine, and cystine could not be satisfactorily analyzed on the columns that were employed in the present study.
Preparation and Analysis of Samples
The procedure used for protein hydrolysis was essentially that described by Keutmann and Potts (21). The protein (10 mg) was placed in a clean, dry test tube (13 x (29) for reindeer "protein," with the exception of serine. Harp seal casein contained less than half as much glycine and methionine, over three times as much serine, and about 60% more glutamic acid than did the casein of Northern fur seal (3). The amino acid composition of reindeer and caribou caseins were closely similar, as were the electrophoretic patterns of their caseins (25, 26) . Since the electrophoretic properties of casein at pH 8.6 are undoubtedly influenced by the concentrations of aspartic and glutamic acids, it was not surprising to find that these two caseins. which have about the same concentrations of these amino acids, have similar electrophoretic mobilities (25) . It should be stated, however, that no attempt was made to determine the amide content of the amino acid hydrolysates of the caseins isolated from the milks of these two species. Hence, it is not known whether the ratios of the free carboxyl groups to free amino groups in the casein hydrolysates from the two species were similar. Similarities in amino acid composition and electrophoretic mobility are to be expected in view of the fact that reindeer and caribou are assigned to the same species (Rangifer tarandus).
Histidine, arginine, and cystine have not been determined and hence it was impossible to
